A n adequate supply of well-trained health care providers is essential to meet current and future health needs. Plastic surgery is no exception. Accurately predicting future physician workforce requirements, however, is not a straightforward task. Longstanding concerns of impending physician surpluses have been replaced with a growing belief that there are physician shortages across all fields of medicine (1) (2) (3) (4) .
Accurately predicting future workforce requirements in plastic surgery requires an understanding of the complexity of this problem and the challenges associated with deriving a solution. We highlight previous reports that have shaped the current physician workforce and identify the unique challenges in projecting future plastic surgery workforce requirements. Finally, we evaluate the methodological techniques that have been used to address this problem and discuss the importance of selecting appropriate outcomes against which to measure the adequacy of physician supply.
Previous Workforce Projections
In the 1980s and early 1990s, several major studies and medical associations concluded that a physician surplus was looming. The controversial Barer-Stoddart (5) report had wide-sweeping implications for the current face of health care in Canada. Selectively reading the report's conclusions and facing appreciable budget shortfalls, provincial governments decreased medical school enrollment by 10% (6) .
Physician supply in Canada is still recovering. In the United States, the Graduate Medical Education National Advisory Committee (GMENAC) report concluded that there would be a surplus of 145,000 physicians by 2000 if no changes were made (7) . The Council on Graduate Medical Education (COGME) projected a similar surplus in the early 1990s. Their recommendations led to decreased funding for residency positions and limitations in the number of physicians trained as specialists (1, 7, 8) .
With time, however, expert consensus shifted from belief that there was a physician surplus to concerns of a physician shortage. Cooper et al (9) predicted a demand for 50,000 physicians by 2010, with the demand for specialists exceeding the demand for primary care physicians. More recent reports by the COGME predicted that population growth would exceed growth in the number of physicians resulting in a 10% shortfall of physicians by 2020 (10) . In 2006, consequently, the Association of American Medical Colleges recommended that medical schools in the United States increase their enrollment by 30% by 2015 to address the future physician shortage (11).
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PlAstic surgery Workforce reQuireMents: A MultifActoriAl ProBleM
Physician workforce requirements are highly dependent on several variables, many of which are poorly understood and themselves dependent on many other factors. Table 1 lists some of the variables that affect physician supply and demand. This is not an exhaustive list. Physician supply is not only dependent on the n umber of physicians but also on their practice structure, productivity and hours of work. Sex, age, debt, financial reimbursement, work satisfaction and desire for work-life balance may influence the number of services provided per year. Adequate physician supply may not be the only limiting factor. Limitations in the health care system, such as operating room time, hospital beds, and nursing and anesthesia staff, may decrease physician service provision or alter the type of services performed. Demand for physicians is also multifactorial. Population factors, such as age distribution, socioeconomic status, geographical distribution, disease burden and access to the health care system, dictate the demand for physician services. Physician practice patterns, new technologies and insurance coverage may also affect physician demand.
Numerous variables specific to plastic surgery must also be considered. Overlap and competition with other specialties such as ophthalmology or otolaryngology may decrease demand for plastic surgery services (Table 2) . Demand for uninsured services, such as cosmetic procedures, varies greatly with geographical region and socioeconomic factors. Surgeons who perform uninsured services may falsely elevate the perceived surgeon workforce because these surgeons perform fewer insured services. Finally, the concept of supply-related demand suggests that these variables are highly dependent on one another.
MethodologicAl APProAches
Several different methodological approaches have been used to project physician workforce requirements. These techniques include needsbased approaches, demand-based approaches, economic analysis and benchmarking. An overview of these techniques and issues from an economic perspective is described by Bärnighausen and Bloom (15) . Needs-based approaches, employed in the GMENAC study (16, 17) , rely on expert opinion to estimate the number of physicians needed to deliver the necessary health services to a population. Although opinion based, the advantage of this technique is that it enables consideration of issues related to under-or overservice.
Demand-based approaches examine health care utilization patterns as a proxy for patient demand. Health care utilization can be determined through national or regional databases. Naive versions of this technique assume that the level of patient demand (medical need) is well estimated by the current level of utilization and only changes as a result of the evolution of the age-sex distribution of patients over time. Future changes in demand are predicted by projecting changes in the population. More sophisticated versions allow for adjustments resulting from expected changes in technology, patient and provider behaviour, base year over-or underutilization, and other factors. Denton et al (18) performed some recent work in this vein for Ontario. In their base model, which allows only for changes in utilization because of demographic factors, such as patient/population aging and immigration, they estimated that a 54.8% increase in the number of plastic surgeons is required by 2031. This is slightly lower than the mean for all physician groups (62% increase required). If the base year is assumed to have been in shortage, as currently estimated, then future requirements need to be adjusted upward. Similarly, if physicians work fewer hours in the future (a trend observed in recent decades), then the growth rate for the demand of additional surgeons may need to be adjusted upward by as much as 1% every four or five years (19) .
While being useful in many dimensions, demand-based approaches are limited in a few ways. If management and/or practice patterns vary according to geographical region but estimates are for a larger area (eg, national), then the estimates may be of little value in practice. Utilization rates may also vary significantly if practice patterns vary among surgeons or over time (2) . While the majority of hip fractures are managed with surgery, for example, management of back injury varies significantly depending on patient preference, surgeon and regional health care practices. If these are stable over time, demandbased projections may work well, but if they vary in unexpected ways, then the projections fail. Demand-based approaches are similarly criticized for perpetuation of the status quo and the strong association between supply and utilization because naive interpretations are occasionally propounded.
A third technique focuses on the relationship among national economic output, health care spending and physician supply. Cooper et al (9) first performed this as a historical analysis suggesting that the production of physicians should be increased to keep pace with economic growth (9, 20) .
Conversely, Goodman et al (21) developed a benchmarking model to identify regions of physician shortage and surplus across the United States. Using actual physician deployment, efficient health care settings were identified. These regions were then used as a reference or benchmark for comparison to determine physician requirements in other regions and/or health care delivery systems. Others have performed similar analyses for specialty-specific outcomes (22) . Objective criteria to identify the health care settings that should be used as a benchmark, however, are lacking. (23, 24) . The Pediatric Surgical Wait Times project (25) tracks wait times for pediatric surgery across Canada. Wait time benchmarks were established using a nominal-group technique to build consensus among discipline-specific experts. Thirty-five per cent of pediatric plastic surgery cases exceeded the target benchmarks. These results provided the evidence to prompt additional funding and a redistribution of operating room resources.
The Canadian Society of Plastic Surgeons has established wait time benchmarks (26) , and Ontario has recently started tracking patient wait times for numerous services including plastic surgery. Ontario surgeons practicing in publicly funded hospitals are required to track their wait times in the Wait Time Information Service (27) . These data may be similarly used to assess service demands. Assessment of the entire referral process, however, is required. Current databases track 'Wait 2' data -the time from decision to treat to the time of surgery (25, 27) . Consideration of the time from initial referral to consultation ('Wait 1' data) may be more indicative of the demand for plastic surgeons.
Clear relationships between appropriate physician supply and population health outcomes must be defined (28) . The optimal number of physicians for a given population should be based on achievement of an acceptable standard of health care. This may be highly dependent on population, geographical, physician and health care administration factors. Society must decide on the optimal number of physicians based on these outcomes, balancing cost of physician training and practice, and the availability and costs of associated health care resources. These decisions affect both the quantity and quality of care provided to society (28) .
conclusions
Accurate projections of future plastic surgery workforce requirements necessitate an understanding of the factors that affect physician supply and demand as well as factors specific to plastic surgery. Because of plastic surgery's unique overlap with other specialties and its provision of uninsured services, we recommend that more than one technique, or aspects of several techniques in combination, be used to determine future workforce requirements. For insured services, demand-utilization models based on patient wait times may be feasible with reliable administrative data. Consideration of both the time to consultation and time to surgery (ie, Wait 1 and Wait 2 data), however, are required. Wait-time benchmarks should have clinical relevance. Workforce requirements for uninsured services may be better forecast using market demand analysis techniques (29) . Expert opinion or needs-based approaches, however, are also required to forecast deviations that may result from anticipated changes in technology, practice style or other factors that will affect future physician productivity. 
